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SURILWPD[LPL]DWLRQPRGHO IRU WKH QHWZRUNRSHUDWRUV DLUOLQHV 6HFWLRQ  FRQWDLQV WKH UHJXODWRU¶V RSWLPL]DWLRQ SUREOHP 6HFWLRQ SUHVHQWVDVLPSOHQXPHULFDOVROXWLRQDQG6HFWLRQFRQFOXGHV
 127$7,21$1'$668037,216
,Q WKHPRGHO ZH GLVWLQJXLVK WKUHH GLIIHUHQW SDUWLHV3DVVHQJHUV ZLVK WR WUDYHO EHWZHHQ DQRULJLQDQGGHVWLQDWLRQDIRUPXODWLRQZLWK IUHLJKW WUDQVSRUWZLWKDWRPLVWLFGHPDQGHUVZRXOGEH FRPSDUDEOH WR WKH RQH JLYHQ KHUH ,Q RUGHU WR GR VR VHUYLFHV RI D WUDQVSRUW QHWZRUNRSHUDWRU DUHQHFHVVDU\7UDQVSRUWQHWZRUNRSHUDWRUVLQWXUQQHHGWKHVHUYLFHVRIWZRRULJLQDQGGHVWLQDWLRQRUPRUHLQFDVHRILQGLUHFWVHUYLFHVWUDQVSRUWQRGHV3ULFHVIRUWKHXVHRIWKHQRGHPD\EHVHWE\DSURILWPD[LPL]LQJQRGDORSHUDWRU RUDZHOIDUHPD[LPL]LQJUHJXODWRU\DXWKRULW\ %HFDXVH ZH DUH FRQFHUQHG ZLWK VHFRQGEHVW RSWLPDO QRGDO SULFHV ZH ZLOO EHFRQVLGHULQJDUHJXODWRU\DXWKRULW\DORQH$QH[WHQVLRQRIWKHPRGHO WRIRXU W\SHVRISOD\HUVUHJXODWRUV QRGDO RSHUDWRUV QHWZRUN RSHUDWRUV DQG XVHUV LV FRQVLGHUHG DV DQ LQWHUHVWLQJRSWLRQIRUIXWXUHZRUN:H DQDO\]H D VWDWLF WUDQVSRUW QHWZRUN ZLWK +t QRGHV 2QO\ UHWXUQ PDUNHWV DUHFRQVLGHUHGFRQVLVWHQWZLWKWKHVWDWLRQDU\VWDWHHTXLOLEULXPDSSURDFKVRWKDWWKHQXPEHURIPDUNHWVRURULJLQGHVWLQDWLRQSDLUVLQWKHQHWZRUNLV- ++±7KHQRWDWLRQWREHXVHGLVVXPPDUL]HGLQ7DEOH7KHVHWRIQHWZRUNRSHUDWRUVPD\EHFRQVLGHUHGWREHGLYLGHGLQVXEVHWVRIGLIIHUHQWPRGHV DOWKRXJK WKLV LV QRW GRQH H[SOLFLWO\ LQRXU DQDO\VLV7KHVHGLIIHUHQWPRGHV FRXOGEHLGHQWLILHG IRU LQVWDQFH E\ WKH HOHPHQWV RI DLM RQ ORQJHU VHJPHQWV RI D WULS DLUOLQHV ZLOOW\SLFDOO\ EH IDVWHU WKDQ WUDLQV RU WKH FRVW IXQFWLRQ DLUOLQHV ZLOO KDYH D KLJKHU FRVW SHUWUDQVSRUWPRYHPHQWWKDQIRULQVWDQFHDEXV

K LQGH[IRUQRGHVDLUSRUWVZLWKK «+LO SRVVLEOH LQGLFHV IRU QHWZRUN RSHUDWRUV DLUOLQHV ZLWK L «, RUO «,MP SRVVLEOHLQGLFHVIRU2'SDLUVPDUNHWVZLWKM «- RUP «-N LQGH[IRUOLQNVGHQRWHGN  «.SLM IDUHRIRSHUDWRUL LQPDUNHWMILN IUHTXHQF\RIRSHUDWRUL RQOLQNNILM IUHTXHQF\RIRSHUDWRUL LQPDUNHWMTLM WKHQXPEHURISDVVHQJHUVWUDQVSRUWHGE\RSHUDWRUL LQPDUNHWM
¹̧·©̈§¦ ,L LMM T'  LQYHUVHGHPDQGIXQFWLRQIRUPDUNHWMIK DYHUDJHSHUSDVVHQJHUQRGHVSHFLILFWLPHORVVHVGXHWRFRQJHVWLRQILM FDUULHUPDUNHWVSHFLILFWLPHORVVHVGXHWRFRQJHVWLRQILN FDUULHUOLQNVSHFLILFWLPHORVVHVGXHWRFRQJHVWLRQKK SDUDPHWHU GHQRWLQJ WKH VORSH RI WKH FRQJHVWLRQ GHOD\ IXQFWLRQ DWQRGHKYRWS SDVVHQJHUYDOXHRIWLPHYRWO DLUOLQHYDOXHRIWLPHDLM YHFWRURIRSHUDWRUPDUNHWVSHFLILFDWWULEXWHVHJ WULSWLPHFILN FDUULHUL¶VFRVWSHUWUDQVSRUWPRYHPHQWRQOLQNNFTLN FDUULHUL¶VFRVWSHUSDVVHQJHURQOLQNNJLMSLMILNDLMILM JHQHUDOL]HGXVHUFRVW IRUDSDVVHQJHU IRU WKHXVHRIRSHUDWRU L LQPDUNHWMOL RSHUDWRUL¶VSDVVHQJHUORDGORDGIDFWRUPXOWLSOLHGE\VHDWFDSDFLW\WK FRQJHVWLRQWROODWQRGHKTLMN GXPP\HTXDOWRLIILNILRR z NGLM GXPP\HTXDOWRLIRSHUDWRUL LVDFWLYHLQPDUNHWMGLMN GXPP\HTXDOWRLIOLQNN LVXVHGLQPDUNHWM E\RSHUDWRULGNK GXPP\HTXDOWRLIOLQNN KDVQRGHK DVRULJLQRUGHVWLQDWLRQGMK GXPP\HTXDOWRLIQRGHK LVRULJLQRUGHVWLQDWLRQLQPDUNHWM7DEOH1RWDWLRQ
)RUWKHJHQHUDOVSHFLILFDWLRQRIWKHPRGHODQXPEHURIDVVXPSWLRQVDUHPDGHWKDWZLOOQRZEHSUHVHQWHG
$VVXPSWLRQ  $ JLYHQ SDVVHQJHU¶V WULS LQ DQ RULJLQ GHVWLQDWLRQ M SDLU ZLOO LQYROYH RQHQHWZRUNRSHUDWRURQO\7KHLQYHUVHGHPDQGIXQFWLRQLQHDFKPDUNHWLVOLQHDULQIRUP¦¦    ¹̧·©̈§ ,L LMMM,L LMM TT'  ED ZKHUHDM DQGEM !DM UHSUHVHQWVWKHPD[LPXPJURVVYDOXDWLRQE\FRQVXPHUVLQPDUNHWMTLMLV WKH QXPEHU RI SDVVHQJHUV WUDQVSRUWHG E\ RSHUDWRU L LQ PDUNHW M DQG EM LV WKH GHPDQGVHQVLWLYLW\SDUDPHWHU$OLQHDUIRUPLVFRQYHQLHQWLQWKHQXPHULFDOYHUVLRQRIWKHPRGHOIRU

WKHDQDO\WLFDOH[SRVLWLRQLWVDYHVVRPHZKDWRQWKHQRWDWLRQDVWKHVORSHEM LVFRQVWDQW,IWKLVPRGHOZHUHXVHGZLWKPXOWLSOHPRGHV DVPHQWLRQHG DERYH WULSVRU WULS VHJPHQWV EHWZHHQWZRQRGHVZLWKGLIIHUHQWPRGHVDUHWKHQVHHQDVSXUHVXEVWLWXWHV&RPSOHPHQWDULW\EHWZHHQPRGHVFRXOGRFFXUHQURXWHLIDPRGHVZLWFKRFFXUVDWDVWRSRYHUGXULQJWKHWULS
$VVXPSWLRQ2SHUDWRUL RIFRXUVHVHUYLFHVDWPRVW- PDUNHWV2SHUDWRUL¶VVHDWFDSDFLW\DQGORDG IDFWRU DUH FRQVWDQW 2SHUDWRUV NHHS WKH ORDG IDFWRU FRQVWDQW RYHU DOO PDUNHWV 7KHIUHTXHQF\RQOLQNN FDQWKHQEHH[SUHVVHGDV¦  - LMNMLLLN TI M  GO ZKHUH GLMN LV D GXPP\ HTXDO WR  LI OLQN N LV XVHG LQPDUNHW M E\ RSHUDWRU L DQGOL LV WKHSURGXFWRIWKHORDGIDFWRUDQGWKHVHDWFDSDFLW\,QZKDWIROORZVOL ZLOOEHUHIHUUHGWRDVWKH³SDVVHQJHU ORDG´ IRUVLPSOLFLW\OL DUH H[RJHQRXVRSHUDWRUVPD[LPL]HSURILWVJLYHQ OL ,QDPRUHDPELWLRXVH[HUFLVHRQHFRXOGPDNHWKHSDVVHQJHUORDGRUHYHQWKHORDGIDFWRUDQGRUWKH VHDW FDSDFLW\ HQGRJHQRXV DQG XVH YHKLFOHV DLUFUDIW WUDLQV WUXFNV FDUV HWF ZLWKGLIIHUHQWFDSDFLWLHVRQGLIIHUHQW OLQNV7KHIUHTXHQF\RIIHUHGLQDPDUNHW LV WKHPLQLPXPRIWKHIUHTXHQFLHVRQWKHOLQNVXVHGLQWKDWVSHFLILFPDUNHW
PLQ   LMNLNLM _/II ZKLFKLVHTXLYDOHQWZLWK¦ ¦¦      .N -P LPLPNLMNLMNL.N LNLMNLMNLM T//I/I    ¶ZKHUH TLMN  LI ILNILR NzR  NRGLMN GLMR  7KLV PHDQV WKDW WKH IUHTXHQF\ LQ D JLYHQPDUNHWLVGLUHFWO\GHSHQGHQWRQWKHIUHTXHQF\LQRWKHUPDUNHWVXVLQJWKHVDPHOLQNV1RWHWKDWZHDVVXPHWKDWZKHQTLMN WKHQTLMN z TLMR NR)RUHDFKPDUNHWWKHUHFDQEHRQO\RQHOLQNZLWKWKHVPDOOHVWIUHTXHQF\
$VVXPSWLRQ&RQJHVWLRQRFFXUVDWQRGHVRQO\LHQRWRQOLQNV7KLVLVRIFRXUVHDGUDVWLFVLPSOLILFDWLRQEHFDXVHWKH³FDSDFLW\LQWKHDLU´RUWKHFDSDFLW\RIWKHDLUWUDIILFFRQWUROV\VWHPPD\DOVREHVFDUFH7KLVFRXOGEHD IXWXUHH[WHQVLRQRIWKHPRGHO7KHDYHUDJHFRQJHVWLRQFRVWVSHUSDVVHQJHURUSHUIOLJKWPHDVXUHGLQDGGLWLRQDOWUDYHOWLPHDWQRGHK DUHDVVXPHGWRLQFUHDVHOLQHDUO\ZLWKWKHWRWDOIUHTXHQF\DWWKHQRGH

¦¦ ¦¦¦        .N ,L -M LMLMNLNKK.N ,L LNNKKK T//I/     I ZKHUHKK LVWKHFRQVWDQWVORSHRIWKHFRQJHVWLRQIXQFWLRQDQGGNK LQGLFDWHVWKHQRGHVXVHGRQOLQNVK1RWHWKDWDUULYLQJDQGGHSDUWLQJPRYHPHQWVQHHGQRWFRQWULEXWHHTXDOO\WRDQGVXIIHUHTXDOO\ IURP FRQJHVWLRQ+RZHYHU DVZH RQO\ FRQVLGHU UHWXUQPDUNHWVZH GR QRW KDYH WRPDNH WKLVGLVWLQFWLRQ7KHFRQJHVWLRQ WHUP LQ WLPHXQLWV WREH LQFOXGHG LQ WKHSDVVHQJHUV¶JHQHUDOL]HGFRVWIXQFWLRQIRUDOWHUQDWLYHL LQPDUNHWM WKHQLV¦¦   .N +K KLMNNKLM //  II ZKHUH GLMN GHQRWHV WKH OLQNV XVHG LQ PDUNHW M DQG IK WKH FRQJHVWLRQ PHDVXUHG LQ WLPHVXIIHUHG DW WKHVH QRGHV0XOWLSO\LQJ WKLV WHUP E\ WKH SDVVHQJHUV¶ YDOXH RI WLPH \LHOGV WKHPRQHWL]HG FRQJHVWLRQ GHOD\ FRVW WR SDVVHQJHUV /LNHZLVH WKH WHUP WR EH LQFOXGHG LQ WKHDLUOLQHFRVWIXQFWLRQRYHUDOOIOLJKWVXVLQJOLQNNWRSDVVHQJHUVLV¦¦   -M +K KLMNNKLN //  II 
$VVXPSWLRQ7KHGLIIHUHQWDOWHUQDWLYHVLLQPDUNHWMDUHFKDUDFWHUL]HGE\DJHQHUDOL]HGXVHU
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
ZKHUHJ UHSUHVHQWVWKHSDVVHQJHUVHQVLWLYLW\WRIUHTXHQF\$QLQFUHDVHLQIUHTXHQF\ORZHUVWKHJHQHUDOL]HG FRVW1RWH WKDW WKLV IRUPXODWLRQ LQWURGXFHV D VHFRQG H[WHUQDOLW\ LQWR WKHPRGHOEHVLGHV FRQJHVWLRQ DV GLVFXVVHG XQGHU DVVXPSWLRQ  7KLV VHFRQG H[WHUQDOLW\ FRQFHUQV WKHH[WHUQDO EHQHILW WKDW SDVVHQJHUVSRVHXSRQRQH DQRWKHU WKURXJK WKH ORZHU JHQHUDOL]HG FRVWVWKDW UHVXOWV IURPWKHKLJKHU IUHTXHQF\ LQGXFHGE\DQ LQGLYLGXDOSDVVHQJHU¶V WUDYHOGHFLVLRQWKLV HIIHFW DSSHDUV LQ WKH VHFRQG WHUPRQ WKH ULJKW KDQG VLGH RI  7KLV H[WHUQDO HIIHFW LV

DQDORJRXV WR WKH ³0RKULQJHIIHFW´ DV RIWHQ FRQVLGHUHG LQ WKH FRQWH[W RI WUDQVLW 0RKULQJ 7KLV HIIHFW FDSWXUHV WKDW DQ LQFUHDVHG IUHTXHQF\ LPSOLHV WKDW WKH H[SHFWHG GHYLDWLRQIURPWKHSUHIHUUHGDUULYDOWLPHZLOOEHVPDOOHU1RWHKRZHYHUWKDWDKLJKHUIUHTXHQF\RIRQHDLUOLQHRQDJLYHQRULJLQGHVWLQDWLRQSDLULVDVVXPHGQRWWRDIIHFWWKHSDVVHQJHUV¶YDOXDWLRQRIDQRWKHUDLUOLQH¶VIUHTXHQF\IRUWKDWVDPHRULJLQGHVWLQDWLRQ SDLU 7KLV LV D VLPSOLI\LQJ DVVXPSWLRQZKLFK LVPDGH WR SUHYHQW IXUWKHUFRPSOLFDWLRQV LQ WKH VWUDWHJLF JDPH EHWZHHQ DLUOLQHV WKDW ZRXOG DULVH ZKHQ DQ DLUOLQH¶VLQFUHDVH LQ IUHTXHQF\ZRXOGGLUHFWO\ DIIHFW FRPSHWLQJ ILUPV¶ FXVWRPHUV¶ZLOOLQJQHVV WR SD\GXHWRDQLQFUHDVHGRYHUDOOIUHTXHQF\LQWKHPDUNHW$VDUHVXOWWKH0RKULQJHIIHFWDOWKRXJKSUHVHQW LQ RXU PRGHO LV SXUHO\ ILUP LQWHUQDO ,W ZLOO WKHUHIRUH QRW EH XVHG DV D VWUDWHJLFLQVWUXPHQWLQWKHVHQVHRIGLUHFWO\DIIHFWLQJWKHDWWUDFWLYHQHVVRIWKHFRPSHWLWRUV¶VXSSO\DQGLWZLOOEHRSWLPL]HGE\WKHDLUOLQHLWVHOIVHH$SSHQGL[DQGZLOOKHQFHQRWDIIHFWILUVWDQGVHFRQGEHVWRSWLPDOWD[UXOHV)LQDOO\U LVDFRQVWDQWWKDWLQFUHDVHVWKHJHQHUDOLW\RIHTXDWLRQLQDGGLWLRQDYHU\VPDOOYDOXHXQHTXDO WR]HURWXUQHGRXW WREHFRQYHQLHQW LQ WKHQXPHULFDORSWLPL]DWLRQDV LWSUHYHQWVGLYLVLRQE\]HUR
$VVXPSWLRQ 7KH RSHUDWRU¶V FRVW SHU SDVVHQJHU TLNF DQG SHU WUDQVSRUWPRYHPHQW ILNF DUHFRQVWDQWRQHDFKOLQNWK LVWKHFRQJHVWLRQWROODWQRGHK7RWDORSHUDWLQJFRVWVIRURSHUDWRULDUHWKHQ
 ¦ ¦¦   ¸̧¹·¨̈©§ ¹̧·©̈§ u.N -M LMLMNTLNLNO+K KNKILNLN T/FYRWW/FI I ZKLFKPD\EHUHZULWWHQDV
 ¸̧¹·¨̈©§ »¼º«¬ª ¹̧·©̈§ uu»¼º«¬ª ¦¦¦    TLNLNO+K KLNKILNL-P LPLPN.N FYRWW/FT/ I ¶
ZKHUH YRWOuILN UHSUHVHQWV WKH PRQHWL]HG DYHUDJH FRQJHVWLRQ FRVWV SHU IOLJKW YRWO LV WKHDLUOLQH¶VYDOXHRIWLPH
$VVXPSWLRQ  7ROOV RQ D JLYHQ DLUSRUW DUH QRW GLIIHUHQWLDWHG RYHU DLUOLQHV 6LQFH WKHFRQJHVWLRQ DW WKH QRGH LV FDXVHG E\ DQ H[FHVVLYH GHPDQG IRU WUDQVSRUW PRYHPHQWV

IUHTXHQF\WKHQHWZRUNRSHUDWRUVDUHDVVXPHGWRSD\WKHWROO2IFRXUVHQHWZRUNRSHUDWRUVPD\FRQVHTXHQWO\SDVVSDUWRIWKHWROOVRQWRWKHSDVVHQJHUVE\LQFUHDVLQJWKHWLFNHWSULFHV
$VVXPSWLRQ&RPSHWLQJRSHUDWRUVRQ D VSHFLILFPDUNHW DFW DV&RXUQRW RSOLJRSROLVWV LHWKH\FKRRVHDQRSWLPDORXWSXWDQGIUHTXHQF\WDNLQJWKHRWKHUV¶RXWSXWVDVJLYHQ2SHUDWRUVGRQRWEHOLHYH WKDW E\ WKHLU DFWLRQV WKH\ FDQ DIIHFW WKH UHJXODWRU¶V WROOV LH UHJXODWRUV DQGRSHUDWRUVDUHSOD\LQJD6WDFNHOEHUJW\SHJDPHWKHUHJXODWRUVEHLQJWKHOHDGHU3DVVHQJHUVDUHSXUHSULFHWDNHUV
$OWKRXJK WKHVH DVVXPSWLRQV PD\ VHHP UHVWULFWLYH PDQ\ RI WKHVH DVVXPSWLRQV DUH TXLWHFRPPRQLQWKHDYLDWLRQHFRQRPLFVOLWHUDWXUH7KHIXQFWLRQDOIRUPRIWKHFRVWIXQFWLRQXVHGLQWKLVSDSHULVVLPLODUWRWKHRQHXVHGE\%UXHFNQHUDQG6SLOOHU&RPELQHGZLWKDOLQHDUGHPDQG FXUYH WKH ³%UXHFNQHU6SLOOHU´ PRGHO KDV EHHQ XVHG UHJXODUO\ LQ WKH OLWHUDWXUH WRDQDO\]HDYLDWLRQQHWZRUNV'HVSLWHWKHFRQFHSWXDOVLPSOLFLW\EXWLQFDVHRIODUJHQHWZRUNVFRPSXWDWLRQDOFRPSOH[LW\UHFHQWWUHQGVLQWKHDYLDWLRQPDUNHWVFDQHDVLO\EHH[SODLQHGXVLQJWKLVPRGHOVHHHJ%UXHFNQHUIRUDQDQDO\VLVRIDLUOLQHDOOLDQFHVDQG3HOVHWDO IRUDQDQDO\VLVRIRSWLPDODLUOLQHQHWZRUNV,W LVQRW WKHREMHFWLYHRI WKLVSDSHU WRFDOFXODWHH[DFWWROOVIRUH[LVWLQJDLUSRUWVIRUZKLFKWKHVHDVVXPSWLRQVZRXOGFOHDUO\EHWRRUHVWULFWLYH7KLVSDSHU DLPV WR GHYHORS WKHRUHWLFDO LQVLJKWV LQWR WKH FRQVHTXHQFHV RI DLUSRUW FRQJHVWLRQSULFLQJIRUZKLFKWKHVHDVVXPSWLRQVVXIILFH
 (48,/,%5,8035,&(6)5(48(1&,(6$1'72//6




7KHPD[LPXPZLOOLQJQHVV WR SD\ IRU WKHPDUJLQDO SDVVHQJHU LQ PDUNHW M IRU DOWHUQDWLYH L
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ZKHUHDM LVWKHPDUNHWVSHFLILFFRQVWDQWLQWKHLQYHUVHGHPDQGIXQFWLRQDQGE LVWKHVORSHRIWKH LQYHUVH GHPDQG IXQFWLRQ 7KLV RSHUDWRU VSHFLILF LQYHUVH GHPDQG FXUYH LQFRUSRUDWHVSDVVHQJHUV¶ RSWLPL]LQJEHKDYLRU DQG LV XVHG LQ WKH QH[W VWHS WRPD[LPL]H RSHUDWRU SURILWV1RWH WKDW WKH DUJXPHQWV RI WKLV LQYHUVH GHPDQG IXQFWLRQ LQFOXGH WKH TXDQWLWLHV VROG E\FRPSHWLQJWUDQVSRUWQHWZRUNRSHUDWRUVLQPDUNHWM
7KHWUDQVSRUWQHWZRUNRSHUDWRUPD[LPL]DWLRQSUREOHP
$V VWDWHG LQ DVVXPSWLRQ  ZH DVVXPH &RXUQRW EHKDYLRU LQ PRGHOLQJ WKH RSHUDWRUV¶FRPSHWLWLRQ7KLVLVPRWLYDWHGE\HDUOLHUHPSLULFDOUHVHDUFK ,QD&RXUQRWROLJRSRO\H[FHVV
 )RULQVWDQFHLQDQHPSLULFDODQDO\VLVRI&KLFDJREDVHGDLUOLQHURXWHVLQYROYLQJ$PHULFDQ$LUOLQHVDQG8QLWHG$LUOLQHV 2XP HW DO  FRQFOXGH WKDW ³WKH RYHUDOO UHVXOWV LQGLFDWH WKDW WKHGXRSROLVWV¶ FRQGXFW PD\ EHGHVFULEHGDVVRPHZKHUHEHWZHHQ%HUWUDQGDQG&RXUQRWEHKDYLRUEXWPXFKFORVHUWR&RXUQRWLQWKHPDMRULW\RIWKHVDPSOHREVHUYDWLRQV´%UDQGHUDQG=KDQJXVLQJVLPLODUGDWDILQG³VWURQJHYLGHQFH«DJDLQVW WKHKLJKO\ FRPSHWLWLYH %HUWUDQG K\SRWKHVLV´%UDQGHU DQG =KDQJ  ILQG&RXUQRW EHKDYLRU SODXVLEOH IRU WKHPDUNHWVXQGHUFRQVLGHUDWLRQ&KLFDJREDVHGURXWHVZKHUH$PHULFDQ$LUOLQHVDQG8QLWHG$LUOLQHVWRJHWKHUKDYHDPDUNHWVKDUHH[FHHGLQJ%DVHGRQWKHVHREVHUYDWLRQVZHDVVXPH&RXUQRWFRPSHWLWLRQ

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ww ¦¦¦¦ ¦          6LPLODUFRQGLWLRQVFDQEHGHULYHGIRUWKHRWKHURSHUDWRUVL7KHIXOOVHWRIHTXDOLWLHVIRUDOOUHOHYDQW SDWKVZLWK TLM! GHILQH D1DVKHTXLOLEULXP7KLV HTXLOLEULXP LV GHULYHG XVLQJ WKHPRVW VLPSOH VWUDWHJ\ DYDLODEOH LH WDNLQJ WKH FRPSHWLWRU¶V SULFH DQG IUHTXHQF\ DV JLYHQ2WKHUVWUDWHJLHVIRUH[DPSOHD6WDFNHOEHUJPRGHODUHRIFRXUVHSRVVLEOHEXWWKHVHFDQPDNHWKHDQDO\VLVPXFKPRUHFRPSOLFDWHGEHFDXVHZHDUHGHDOLQJZLWKWUDQVSRUWDWLRQQHWZRUNV$QRSHUDWRU FDQ EH DPDUNHW OHDGHU RQ FHUWDLQPDUNHWV DQG D IROORZHU RQ RWKHUPDUNHWV 7KLVZRXOGFRPSOLFDWHWKHDQDO\VLVFRQVLGHUDEO\DQGLVEH\RQGWKHVFRSHRIWKHFXUUHQWSDSHU,W FDQ EH VKRZQ E\ LPSOLFLW GLIIHUHQWLDWLRQ WKDW ww KLM WT  %\ ZULWLQJ    OMOMLMKKLMLM TTTWWTT GGG wwww DQGLJQRULQJDOORWKHUHIIHFWVZKHUH O z L LWEHFRPHVFOHDUWKDWWKHLPSRVLWLRQRIDWROOPD\OHDGWRDQLQFUHDVHLQWKHHTXLOLEULXPOHYHORITLMVLQFHWKHVHFRQGWHUPRQWKHULJKWKDQGVLGHPD\EHFRPHSRVLWLYH,W IROORZV IURP  WKDW WKH HTXLOLEULXP YDOXH IRU TLM LV D IXQFWLRQ RI WKH WROO WK LIGNK 7KHRSWLPDOWROOLVGHWHUPLQHGE\WKHUHJXODWRU

7KHUHJXODWRU¶VPD[LPL]DWLRQSUREOHP
:HFDQPDNHJHQHUDODVVXPSWLRQVRQWKHEHKDYLRUDQGREMHFWLYHVRIQRGDOUHJXODWRUV7ZRLPSRUWDQWGLPHQVLRQVDUH WKH W\SHRIREMHFWLYH VXUSOXVYHUVXVSURILWPD[LPL]DWLRQDQG WKHQXPEHURIUHJXODWRUVDVLQJOH³JOREDO´UHJXODWRUIRUWKHHQWLUHQHWZRUNYHUVXVQRGHVSHFLILFUHJXODWRUV ,Q WHUPV RI REMHFWLYHV ZH ZLOO FRQVLGHU RQO\ ZHOIDUHPD[LPL]LQJ UHJXODWLRQSRVWSRQLQJWKHUHJXODWLRQRIDSULYDWHDLUSRUWLQDVLPLODUPRGHOVHWXSZLWKIRXU OD\HUVDVDIXWXUH UHVHDUFK FKDOOHQJH :H ZLOO FRQVLGHU ILUVW D JOREDO UHJXODWRU ZLWK WKH REMHFWLYH WRPD[LPL]HJOREDOVXUSOXVWDNLQJLQWRDFFRXQWEHQHILWVDQGFRVWVRYHUWKHHQWLUHQHWZRUN7KHQHWZRUNFDQWKHQEHDQDWLRQDOQHWZRUNZLWKPXOWLSOHRSHUDWRUVDQGQRGHVRUDQLQWHUQDWLRQDOUHJXODWRU\RIILFHFDQDWWHPSWWRPD[LPL]HWRWDOVXUSOXVIRUWKHLQWHUQDWLRQDOQHWZRUN2XPHWDO  VKRZ WKDW³QHWZRUNSULFLQJ´RIQRGHV LH MRLQWSULFLQJRIKXEDQGVSRNHQRGHVOHDGVWRDKLJKHUZHOIDUHWKDQLQGHSHQGHQWSULFLQJRIWKHQRGHVLQWKHQHWZRUN:HZLOODOVRFRQVLGHU WKH UHVXOWRIQRQFRRSHUDWLQJ ORFDO UHJXODWRUV HDFK FRQFHUQHGZLWKD ORFDOZHOIDUHPHDVXUHDORQH7KHJOREDOUHJXODWRUPD[LPL]HVVXUSOXVIRUWKHHQWLUHQHWZRUNWKHUHJXODWRUFRQVLGHUVFRQVXPHUVXUSOXVLQDOOPDUNHWVDQGSURILWVRIDOO RSHUDWRUV,WVHWVGLIIHUHQWLDWHGWROOVWK IRUDOOQRGHVK LQ WKHV\VWHP ,QDUHVWULFWHGYHUVLRQRI WKLVSUREOHPWKH UHJXODWRUFRXOGPD[LPL]HJOREDO ZHOIDUH E\ VHWWLQJ D FRPPRQ WROO W DVVXPHG HTXDO IRU DOO K 7KH DXWKRULW\ WKXVPD[LPL]HVWKHIROORZLQJREMHFWLYHIXQFWLRQ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PD[ MLK MLDY 
VXEMHFW WR WKHRSHUDWRUV¶ ILUVW RUGHU FRQGLWLRQV IRUSURILWPD[LPL]DWLRQ IRU DOO L DQG M7KHILUVWULJKWKDQGVLGHUKVWHUPUHSUHVHQWVWRWDOEHQHILWVDVLQWHJUDORIWKH0DUVKDOOLDQLQYHUVHGHPDQG IXQFWLRQ 7KH VHFRQG UKV WHUP UHSUHVHQWV WRWDO JHQHUDOL]HG FRVWV H[FOXGLQJ WKHDLUOLQH IDUHV ZKLFK FDQFHO RXW DJDLQVW WKH DLUOLQH UHYHQXHV 7KH WKLUG UKV WHUP UHSUHVHQWVDLUOLQH RSHUDWLQJ FRVWV H[FOXGLQJ WKH H[SHQGLWXUHV RQ WROOV ZKLFK FDQFHO RXW DJDLQVW WROOUHYHQXHV 7KH WKUHH WHUPV WRJHWKHU WKXV JLYH VRFLDO VXUSOXV 7KH UHJXODWRU VHWV WKH WROO WKJLYHQWKHDLUOLQHSURILWPD[LPL]LQJRSWLPDOLW\FRQGLWLRQV$FKDQJHLQWK DIIHFWVWKHRSWLPDO

RXWSXW DQG WKXV WRWDO ZHOIDUH $GGLQJ WKH RSHUDWRUV ILUVWRUGHU FRQGLWLRQV IRU SURILWPD[LPL]DWLRQDVUHVWULFWLRQVWRWKHUHJXODWRU¶VREMHFWLYHDQGPD[LPL]LQJRYHUWK DQGTLM WKHQ\LHOGVWKHHTXLOLEULXPLQTXDQWLWLHVDQGWROOV6ROYLQJ WKH ILUVWRUGHU FRQGLWLRQV IRU ZHOIDUH PD[LPL]DWLRQ RQO\ \LHOGV DQ LPSOLFLWVROXWLRQ RSWLPDO WD[ UXOH 7R DQDO\]H WKH HIIHFWV RI WROOLQJ D QXPHULFDO DQDO\VLV ZLOOWKHUHIRUHEHSUHVHQWHGLQWKHQH[WVHFWLRQ
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E$% E$& E%& J 7DEOH'HPDQGFKDUDFWHULVWLFV
OD  IDF  SDF OE  IEF  SEF OF  IFF  SFF 7DEOH  7UDQVSRUW QHWZRUN RSHUDWRUFKDUDFWHULVWLFV
YRWO  K$ YRWS  K% K& 7DEOH1RGHFKDUDFWHULVWLFV
:H WKXV DVVXPH WKDW IRU HDFK LQGLYLGXDO RSHUDWRU WKH FRVW SHU IOLJKWV DQG WKH FRVW SHUSDVVHQJHU DUH HTXDO RQ DOO OLQNV XVHG 0RUHRYHU DLM UHIOHFWLQJ FRQVWDQW RSHUDWRUPDUNHWVSHFLILFDWWULEXWHV LV VHW DW IRU VLPSOLFLW\8VLQJ WKHVH LQSXWV D QXPEHURIGLIIHUHQW QRGHSULFLQJ VFKHPHV DUH FRPSDUHG 7KHVH LQYROYH WKH PD[LPL]DWLRQ RI JOREDO ZHOIDUH XVLQJ DFRPPRQWROOQRWGLIIHUHQWLDWHGRYHUDLUSRUWVDQGGLIIHUHQWLDWHGDLUSRUWVSHFLILFWROOVDQGDQRFRRSHUDWLRQ UHJLPH LQ ZKLFK WKUHH ORFDO UHJXODWRUV DLP WR PD[LPL]H ORFDO ZHOIDUH LQ D1DVKW\SHRIJDPHLHWDNLQJWKHWROOVDWRWKHUDLUSRUWVDVJLYHQ
0D[LPL]LQJJOREDOVXUSOXV
%DVHVFHQDULRQRWROOLQJ)LUVWD³EDVHVFHQDULR´LVSUHVHQWHGZKHUHWROOVDUHIL[HGDWVHH7DEOHVHH$SSHQGL[IRUWKHGHILQLWLRQRI³ORFDO´ZHOIDUH
T$% T$& T%& 3URILWVu &RQVXPHUEHQHILWVu 7ROOUHY¶V :HOIDUHuD$       E%       F&       7RWDO       7DEOH2SHUDWRUHTXLOLEULXPDQGZHOIDUHQRWROOLQJ
 ,QEULHIORFDOZHOIDUHFRPSULVHVWKHORFDODLUOLQH¶VSURILWVDOOWROOUHYHQXHVUDLVHGDWWKHORFDODLUSRUWDQGKDOIRI WKH FRQVXPHUV¶ VXUSOXV IRU IOLJKWV WR DQG IURP WKHQRGH7KH ODWWHU LPSOLFLWO\ DVVXPHV WKDW WKH HTXLOLEULXPQXPEHURIUHWXUQIOLJKWVWRDQGIURPWKHDLUSRUWDUHHTXDOO\GLYLGHGEHWZHHQORFDODQGQRQORFDOUHVLGHQWV

1RWROO &RPPRQWROO 6SHFLILFWROO /RFDORSWLPL]DWLRQPDUNHW $% $& %& $% $& %& $% $& %& $% $& %&JHQHUDOL]HGFRVW        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  
6KDUHLQJHQHUDOL]HGFRVW
RSHUDWRUD IUHTXHQF\            FRQJHVWLRQ            IDUH            IDUHHODVWLFLW\DEV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RSHUDWRUE IUHTXHQF\            FRQJHVWLRQ            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DEV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RSHUDWRUF IUHTXHQF\            FRQJHVWLRQ            IDUH            IDUHHODVWLFLW\DEV            7DEOHD 6SHFLILFDWLRQRIJHQHUDOL]HGFRVWVDQGIDUHHODVWLFLWLHV
1RWROO &RPPRQWROO 1RGHVSHFLILFWROO /RFDORSWLPL]DWLRQ&RQVXPHUEHQHILWV u   $LUOLQHFRVW u   )UHTXHQF\FRVWV u   &RQJHVWLRQFRVWV u   7RWDOZHOIDUH u   7DEOHE 6SHFLILFDWLRQRIWRWDOZHOIDUH
7KLVKLJKHODVWLFLW\LVH[SODLQHGE\WKHYHU\ORZRXWSXWLQWKLVPDUNHW

2SHUDWRUF PDNHVWKHKLJKHVWSURILWVZKLFKLVFRQVLVWHQWZLWKWKHIDFW WKDW WKLVRSHUDWRUFDQVHUYHWKHWZRPDUNHWVZLWKWKHKLJKHVWOHYHOVRIGHPDQGZLWKGLUHFWIOLJKWV2SHUDWRUE KDVWKHODUJHVWQXPEHURILQGLUHFWSDVVHQJHUV7KLVLVFRQVLVWHQWZLWKWKHIDFWWKDWWKHLQGLUHFWPDUNHWIRURSHUDWRUE$&LVWKHRQHZLWKWKHKLJKHVWOHYHORIGHPDQG$OVRWKHORFDOZHOIDUHLQQRGHF LVKLJKHVWZKLFKSUREDEO\LVWKHFRPELQHGUHVXOWRIQRGHF UHODWLYHO\KLJKOHYHOVRIGHPDQG7DEOHDQGDUHODWLYHO\ODUJHFDSDFLW\DWWKHDLUSRUW7DEOH7DEOH  SURYLGHV D EUHDNGRZQRI WKH FRQVXPHUV¶ HTXLOLEULXPJHQHUDOL]HG FRVWV LQWRWKH WKUHH VHJPHQWV IUHTXHQF\ GLVFRXQW FRQJHVWLRQ FRVWV DQG IDUH IRU DOO PDUNHWDLUOLQHFRPELQDWLRQV DQG UHSRUWV HTXLOLEULXP IDUH HODVWLFLWLHV 7KHVH ILJXUHV DUH JLYHQ WR KHOS LQDVVHVVLQJWKHSODXVLELOLW\RIWKHSDUDPHWHUFRQVWHOODWLRQXVHG7KHVKDUHRIWKHIUHTXHQF\LQWRWDOJHQHUDOL]HGFRVWVPD\VHHPORZEXWQRWHWKDWZHFRQVLGHUD VLJQLILFDQWFRQJHVWLRQHIIHFW ,QFUHDVLQJ WKH IUHTXHQF\ HIIHFW E\ LQFUHDVLQJJ LVRQO\ SRVVLEOHZLWKLQ FHUWDLQ ERXQGDULHV ,I J LV WRR KLJK WKHPRGHO FDQQRW FRQYHUJH WR DQHTXLOLEULXP 2Q WKH RQH KDQG SDVVHQJHUV KDYH D VWURQJ SUHIHUHQFH IRU D ODUJH QXPEHU RIIOLJKWVDVLQGLFDWHGE\J2QWKHRWKHUKDQGDODUJHQXPEHURIIOLJKWV LQFUHDVHVJHQHUDOL]HGFRVWVDVORQJDVFRQJHVWLRQLVVLJQLILFDQW7KHIDUHHODVWLFLWLHVUHSRUWHGLQ7DEOHDDOOVHHPWRKDYHUHDVRQDEOHYDOXHV,QGLUHFWVHUYLFHVKDYHPRUH HODVWLFGHPDQG2Q LQGLUHFW FRQQHFWLRQV WKH IDUHPDNHVXS D UHODWLYHO\VPDOO SDUW RI WKH SDVVHQJHUV¶ JHQHUDOL]HG FRVWV 7KLV ZRXOG VXJJHVW D UHODWLYHO\ ORZ IDUHHODVWLFLW\ IRU LQGLUHFW IOLJKWVD ODUJHUSHUFHQWDJH IDUHGHFUHDVH LVQHHGHG WRREWDLQ WKH VDPHDEVROXWH LQFUHDVH LQ GHPDQG +RZHYHU DV LQGLUHFW GHPDQGV DUH UHODWLYHO\ VPDOO WKH VDPHDEVROXWHLQFUHDVHLPSOLHVDUHODWLYHO\ODUJHUHODWLYHLQFUHDVHVXJJHVWLQJDUHODWLYHO\KLJKIDUHHODVWLFLW\IRULQGLUHFWIOLJKWV$SSDUHQWO\WKHODWWHUHIIHFWGRPLQDWHVLQRXUQXPHULFDOPRGHO2Q D ILQDO QRWH RSWLPDOLW\ RI WKH VROXWLRQ ZDV YHULILHG E\ SORWWLQJ WKH REMHFWLYHIXQFWLRQVIRUDQLQWHUYDODURXQGWKHRSWLPXPYDOXHV)RUH[DPSOHS$ ZDVSORWWHGIRUYDOXHVRIT$%$ LHSDVVHQJHUVLQPDUNHW$% WUDQVSRUWHGE\DLUOLQH$LQWKHLQWHUYDO!NHHSLQJDOORWKHUTLM IL[HGDQGZDVVWULFWO\FRQFDYH
 *LYHQWKDW' DE4ZHFDQGHWHUPLQHWKHIDUHVXEHODVWLFLW\DV'4'3u34ZKHUH'4'3 E 7KH WUHDWPHQWRIGHQVLW\HFRQRPLHV LQ WKLVPRGHO LV LQHVVHQFH VLPLODU WR WKHPRGHO XVHGE\%UXHFNQHUDQG6SLOOHU  DQGPDQ\ DXWKRUV IROORZLQJ%UXHFNQHU DQG6SLOOHU ,Q WKH%UXHFNQHU DQG6SLOOHUPRGHO LW LVTXLWHHDV\WRGHWHUPLQHWKHIHDVLEOHSDUDPHWHUVSDFHXVLQJWKHVHFRQGRUGHUFRQGLWLRQVIRUSURILWPD[LPL]DWLRQDQGQRQQHJDWLYLW\FRQVWUDLQWV ,W LV QRWSRVVLEOH WR DQDO\WLFDOO\ GHWHUPLQH WKH IHDVLEOH SDUDPHWHU VSDFH LQ WKLVPRGHO$QXSSHUERXQGDU\IRUJ FDQWKHUHIRUHDOVRQRWEHGHWHUPLQHG2SWLPDOLW\RIWKHVROXWLRQLVYHULILHGE\VXEVWLWXWLQJ³QRQRSWLPDO´YDOXHV'HWDLOVDUHDYDLODEOHXSRQUHTXHVW

$FRPPRQWROO:KHQDFRPPRQWROOQRWGLIIHUHQWLDWHGRYHUDLUSRUWVLVLPSOHPHQWHGWKHQXPEHURILQGLUHFWSDVVHQJHUV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